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Abstract 
This paper focuses on the use of externally bonded Carbon Fiber Reinforced Polymer (CFRP) materials to 
strengthen steel plates subjected to compression. A fully slender steel section was selected in this test 
programme. CFRP strengthened steel plates and non strengthened plates were tested to fail under 
compressive load. The middle part of the strut was strengthened using CFRP sheet. The length of the 
strengthened zone was varied. Eight specimens were tested in this test programme. The test results 
showed a significant strength gain of 47% and delaying of lateral torsional buckling failure mode of 
strengthened members. This study confirms that there is great potential to increase the short term 
performance of CFRP strengthened steel structure under axial compression. 
 
Keywords: CFRP/steel composites, Bond length, Bond performance, Axial Compression  
1.0 Introduction 
Strength of steel structures may be deficient due to external factors such as corrosion, increased load and 
aging. Replacing of structures with new structures is relatively expensive and makes an inconvenience for 
users of such structures. CFRP is an attractive solution applying in Aerospace industry and Automobile 
industry for more than 50 years to retrofit metallic members. Since 1980s Civil Engineers have been 
successfully applied this technique for retrofitting civil engineering structures (Sveinsdottir, 
2012).Mainly such structures are based on concrete or steel. In addition CFRP can use for strengthen 
timber and masonry structures. Considerable amount of researches were focused on strengthening of 
concrete structures. Nowadays there are many applications in retrofitting steel members in buildings, 
bridges and towers using Fibre Reinforced Polymer (FRP) materials. Steel bridge girders, pin jointed 
trusses and steel frames can be taken as examples. In this study, the short term performance of retrofitted 
members subjected to uni axial compressive load was investigated. Considerable amount of research has 
been conducted to investigate performance of Carbon Fiber Reinforced Polymer (CFRP) materials for 
strengthening steel structures in countries such as Australia and UK.However, the relative humidity 
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level of these countries is lower than in Sri Lanka. The humidity at the installation phase may 
affect on bond performance of polymeric adhesives. In this composite system, two part epoxy 
adhesive is used to create the bond between CFRP and steel and it is very sensitive to humidity in the 
installation phase (Gamage 2009). The high relative humidity level in Sri Lanka may affect on the 
composite performance. Therefore, it is important to investigate the short term performance of the 
system before exploring long term performance such as the composite performance when the 
system subjected to cyclic loading and environmental changes. There is a high potential to apply 
this technology in retrofitting deficient railway and road bridges in Sri Lanka because our road networks 
have more than 4000 steel bridges and most of them are constructed under British colonial periods. Some 
of these bridges have been constructed about 50 to 100 years ago (Munasighe 2011). No research studies 
have been conducted in Sri Lanka to evaluate the feasibility of CFRP applications in strengthening steel 
structures.  Therefore, this research is focused on short term performance of CFRP strengthened steel 
plates subjected to axial compression. 
2.0 Experimental programme 
A total of eight specimens were tested in this preliminary test programme.The specimen details are listed 
in Table 1. Specimens were prepared using structural steel plate with dimensions 50 mm x 5 mm cross 
section and 450 mm length. 
                     Table 1: The summary of test specimens 
Specimen Series Bond Length(mm) No of Specimen 
S1 and S2 No CFRP 2 
S3 and S4 100 2 
S5 and S6 150 2 
S7 and S8 200 2 
 
 
2.1 Materials 
In this study CFRP sheets were used to strengthen steel plates. The main characteristics of Carbon fibres 
are their strength and Young’s  modulus. A commercially available  epoxy adhesivetype  in Sri Lanka 
market was selected for this test series to examine the feasibility to make bond between CFRP and steel. 
The manufacturer provided material properties of CFRP sheet and two part epoxy adhesive are listed in 
Table 2. 
               
       
 
 
 
 
 
      Table 2: Material properties  
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Properties CFRP(According to 
Manufacturer ) 
Epoxy(According to 
Manufacturer)    
Material Type MBrace CF130 J-BWeld 
Cure time  N/A 15-24 Hours 
Set time N/A 20-25 Minutes 
Tensile Strength  2600Mpa 27.3MPa 
Thickness 0.146mm NA 
 
2.2. Specimen preparation  
Surface preparation of the steel plate is very important to ensure effective load transfer between steel plate 
and CFRP sheet .The steel plates with dimensions 450 mm length 50 mm width and 5mm thickness were 
used for strengthening.  The selected surface preparation technique should have facility for practical 
applications and also environmentally safe. Most effective way for the surface preparation is 
recommended as grit blasting (Schnerch 2006). However, the grit blasting method is not available in 
University of Moratuwa laboratories. Therefore an angle grinder was used for surface preparation of 
samples and resulted surface is shown in Fig.1 (a).Acetone used for the clean surface. A thin layer of 
primer coat was applied on the prepared and cleaned steel surface according to manufacturer’s guidelines 
as shown in Fig. 1(b) and the samples were kept to cure about 1 hour before bonding applications. Then a 
thin layer of adhesive was uniformly applied on to the primed steel surfaces. Then a layer of CFRP is 
bonded on top of the adhesive layer. The excess epoxy and air bubbles were removed using a ribbed roller 
moving in the direction of fibres. Here used single layer of CFRP. The prepared samples are shown in 
Fig. 1(c). Finally samples were kept 24 hours to cure according to manufacturer provided 
guidelines. The schematic diagram of test specimens with 200 mm CFRP bond length is shown 
in Figure 2. 
 
 
                
(a)                                       (b)                                          (c )  
 
Figure 1: (a) Grinded surface, (b) After application of primer, (c) prepared specimens 
 
 
      125mm                       200mm                            125mm                                           50mm   
                                     
                                                        
                                               (a)                                                                                           (b) 
 
Figure 2: The schematic diagram of CFRP strengthened specimen, (a) Front elevation, (b) Cross section 
 
The  test was planed  to detemine the compressive load capacity of specimens. The specimens was fixed 
in the Amsler testing machine and uniaxial compressive load was applied gradually with idealised pinned 
support conditions at end as shown in Fig 3(b).Two dial gauges were fixed at the oposite sides of the 
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specimens at the midle to measure the midspan deflection.The schematic diagram of test setup is given in 
Figure 3(a)  
 
 
 
                                                                  
(a)                                                        (b) 
         
 
Fig 3:(a) Schematic diagram of test setup , (b)Test setup Apparatues 
 
3. Experimental results and discussion  
Each of test series, the mid point deflection of   individual specimens was measured .The summary of test 
results is shown in Table 3. Test specimens S3-S8 were strengthened using CFRP and bond length was 
varied from 100mm to 200mm.When consider the overall length of specimens S3 and S4 was covered 
22.2% of surface area with CFRP. The average strength gain of these specimens was 28%. Sample S5 and 
S6 were strengthened with 150 mm long CFRP sheet which is 33.3 % of gross surface area of the 
specimen. The average strength gain noted in those specimens was 47.1% with respect to control 
specimens. It was the maximum compressive load carrying capacity that observed in this test series.  A 
lower strength gain was noted in the specimens with longest bond length than medium bond length. 
Reason for this behaviour may be an effect of effective bond length. On the other hand this may be 
happened due to experimental errors or imperfect bond between CFRP and steel in these specimens.  
 
              Table 3:The summery of test results 
Specimen Series Bond 
Length(mm) 
Average Failure 
Load(kN) 
Percentage 
strengthen gain 
(%) 
S1, S2 
S3, S4 
NA 3.7 NA 
100 4.7 28.0 
S5,S6 
S7,S8 
150 5.3 47.1 
200 4.9 33.7 
 
 
Behaviour of load / mid span deflection of these specimens are shown in Figure 4.When the bond length 
increases magnitude of compressive load capacity also increases in specimens strengthened with 100 mm 
long CFRP sheet.  It is shown at curves S3-S6. 
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                                                                           Figure 4 
 
Specimens S1, S2 are from non strengthened series and average failure load was calculated as a 3.7 kN. 
This series is considered as a control specimens. The average strength gain and percentage strength gain 
were noted from these specimens and it is shown in Figures 5(a) and 5(b) respectively. Figure 5(a) 
indicates that the average compressive load capacity linearly increases with bond length.  
 
                                                                    
(a)                                                                              (b) 
 
 
Figure 5:  (a)Average Load- deflection relationship (b)Precentage strengthen gain Bond lengthwith bond 
length 
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4. Conclusions and recommendations 
CFRP strengthened steel struts were tested under uni-axial compressive load to determine the 
performance of CFRP/steel composites. The following observations and conclusions are made.  
 
 The compression load carrying capacity of steel was enhanced considerably  with installation 
of CFRP sheet in steel struts  
 On average 28% to 47% strength gain was noticed when the bond length varies from 100 mm 
to 200 mm and delaying of buckling failure mode was noticed. 
 The selected two part adhesive showed good performance however the short pot life of 20 
minutes is a critical issue for practical applications.  
 
Acknowledgement 
I would like to express my gratitude towards Finco Engineering (Pvt) Ltd, Sri Lanka for their kind co-
operation on providing CFRP materials and the laboratory staff of University of Moratuwa for their 
support for this initial test programme. 
 
 
References  
 
Gamage, J.C.P.H., Al-Mahaidi, R. and Wong, M.B. (2009) “Durability of CFRP Strengthened Concrete 
Members under Extreme temperature and humidity”, Australian Journal of Structural Engineering 
(AJSE), Vol.9, No2. 
 
Munsinghe, M.G.J .2011 ,Study to Recommend a Steel Truss System With Minimum Steel Quantity 
Usage For Medium Span Bridges, MEng Thesis , University of Moratuwa,Sri Lanka.pp22-23. 
 
Schnerch.D.Dawood.M, and Razkalla,S,2006, ‘Proposed Design Guidelines For Strengthening of Steel 
Bridges With FRP Materials’, Journal of Construction and Building Material 21 (1001-1110), North 
Carolina state University,USA.   
 
Sveinsdottir, S.L.2012. Experimental Research on Strengthening of Concrete Beams by The Use 
of Epoxy Adhesive And Cement Based Bonding Material, MSience Thesis ,Haskolinn, 
Reykjavik Univercity Iceland. 
. 
 
 
